We present the measurement of radial velocities for globular clusters in M60, giant elliptical galaxy in the Virgo cluster. Target globular cluster candidates were selected using the Washington photometry based on the deep 16 ′ × 16 ′ images taken at the KPNO 4m and using the V I photometry derived from the HST/WFPC2 archive images. The spectra of the target objects were obtained using the Multi-Object Spectrograph (MOS) at the Canada-France-Hawaii Telescope (CFHT). We have measured the radial velocity for 111 objects in the field of M60: 93 globular clusters (72 blue globular clusters with 1.0 ≤ (C − T 1 ) < 1.7 and 21 red globular clusters with 1.7 ≤ (C − T 1 ) < 2.4 ), 11 foreground stars, 6 small galaxies, and the nucleus of M60. The measured velocities of the 93 globular clusters range from ∼ 500 km s −1 to ∼ 1600 km s −1 , with a mean value of 1070 +27 −25 km s −1 , which is in good agreement with the velocity of the nucleus of M60 (v gal = 1056 km s −1 ). Combining our results with data in the literature, we present a master catalog of radial velocities for 121 globular clusters in M60. The velocity dispersion of the globular clusters in the master catalog is found to be 234 
INTRODUCTION
Globular clusters are among the oldest stellar systems in galaxies so they provide important clues for understanding the formation and early evolution of their host galaxies as well as themselves. Globular clusters are distributed in a much wider region than the halo stars in their host galaxy, and thousands of them are found in giant elliptical galaxies (gEs). Thus globular clusters are a very efficient tool to study the structure and kinematics of both the outer halo and the inner region of nearby gEs.
To date numerous studies were devoted to investigating the photometric properties of the globular clusters in gEs (e.g., see the reviews by Lee 2003; . However, much less is known about the kinematics of the globular clusters in gEs, because it was difficult to obtain spectra of a larger number of globular clusters in gEs until the multi-object spectrograph became available at the large telescopes.
Recently several studies of the kinematics of the globular clusters in gEs came out, but the number of gEs covered in these studies is still small: M49 (NGC 4472) (Zepf et al. 2000; Côté et al. 2003) , M87 (NGC 4486) (Cohen & Ryzhov 1997; Kissler-Patig & Gebhardt 1998; Côté et al. 2001) , NGC 1399 Minniti et al. 1998; Kissler-Patig et al. 1999; Richtler et al. 2004) , NGC 4636 (Schuberth et al. 2006) , M60 (NGC 4649) (Pierce et al. 2006; Bridges et al. 2006) , and NGC 5128 (Peng et al. 2004a,b; Woodley et al. 2007) . One notable feature revealed by these studies is that the globular cluster systems in these gEs show diverse kinematics in velocity dispersion, rotation, and their radial variation, making it difficult to draw any strong conclusion on the uniform formation history of the globular cluster system in gEs. Therefore, it is needed to investigate more gEs to understand the diversity of kinematics of these globular cluster systems.
We have been carrying out a study of kinematics of the globular clusters in M60. In this paper we present the measurement of radial velocities for the globular clusters in M60, and will present the dynamical analysis of the data in the following paper ). M60 is a giant elliptical galaxy in the Virgo cluster, being slightly less luminous (M V = −22.44) than the brightest Virgo galaxies M87 (M V = −22.62 mag) and M49 (M V = −22.83 mag). We adopted a distance to M60, 17.3 Mpc ((m − M) 0 = 31.19 ± 0.07) based on the surface brightness fluctuation method in Mei et al. (2007) for which one arcsec corresponds to 84 pc. Foreground reddening toward M60 is very small, E(B − V ) = 0.026 (Schlegel et al. 1998) , corresponding to E(C − T 1 ) = 1.966E(B − V ) = 0.051 and A(T 1 ) = 0.071 and A(V ) = 0.088. Effective radius, ellipticity, and position angle of M60 are R ef f = 9.23 kpc, ǫ = 0.21, and PA= 105 deg, respectively (Lee et al. 2007 ).
M60 has a companion spiral galaxy, NGC 4647 (SAB(rs)c), located 2.
′ 5 from the center of M60 in the north-west direction (∼12.6 kpc for a distance to M60). While Sandage & Bedke (1994) described that NGC 4647 is not interacting with M60, recent observational results show some evidence of interaction between the two: (1) the morphology of NGC 4647 is clearly asymmetric (Koopman et al. 2001) ; (2) the inner region of M60 has a strong rotational support in contrast to other giant elliptical galaxies, and has an asymmetric rotation curve (Pinkney et al. 2003; de Bruyne et al. 2001) ; (3) there is seen a filament extending to the northeastern edge of M60 in the X-ray image (Randall et al. 2006); and (4) there are a large number of blue luminous star clusters in NGC 4647 that were probably formed during the interaction between the two galaxies (Lee et al. 2007 ).
Thera are several photometric studies of the globular clusters in M60. Couture et al. (1991) presented the first photometric study based on the CCD imaging of the globular cluster system in a small 2 ′ .1×3 ′ .4 field of M60, finding a large dispersion in color distribution, and a radial gradient in the mean cluster colors. Harris et al. (1991) derived from the same data the B band luminosity function up to B ∼26 mag of the globular clusters, and found that the globular clusters follow more extended distribution than the stellar light. Later, photometric studies based on the HST images and ground-based images revealed that the M60 globular cluster system has a distinct bimodality in the color distribution (Neilsen 1999; Kundu & Whitmore 2001; Larsen et al. 2001; Forbes et al. 2004; Peng et al. 2006; Lee et al. 2007 ). Forbes et al. (2004) found from the analysis of wide field images obtained using Gemini/GMOS that the red globular clusters have a similar surface density distribution to that of stellar light, which is steeper than that of the blue globular clusters. Recently, it is found that M60 is one of the galaxies that show "blue-tilt" in the color-magnitude diagram of globular clusters Mieske et al. 2006; Lee et al. 2007) . Recent studies based on the Chandra data found that roughly 47% of the X-ray discrete sources are identified with globular clusters (Sarazin et al. 2003; Randall et al. 2004) . By crosscorrelating Chandra point sources and optical globular cluster candidates, Kim et al. (2006) found that the mean probability for a globular cluster to harbor a low mass X-ray binary in M60 is about 6.1±0.9%, and that probability for the red globular clusters is larger than that for the blue globular clusters.
There are only two previous studies on the spectroscopy of the globular clusters in M60. Pierce et al. (2006) published a spectroscopic study of 38 globular clusters in M60 based on the data obtained using the Gemini/GMOS. They derived ages and metallicities of the globular clusters from the spectral line indices. They found no obvious signs of a recent starburst, interaction or merger in their estimates of the ages and metallicities. Bridges et al. (2006) presented a kinematic study of the M60 globular cluster system using the same spectral data as used by Pierce et al. (2006) . They found that the velocity dispersion of the blue globular clusters is smaller than that of the red globular clusters, and that there is no, if any, rotation of the globular cluster system in M60.
In this paper we present the measurement of radial velocities for the globular clusters in M60 using the spectra obtained at the 3.6m Canada-France-Hawaii Telescope (CFHT), and the kinematic analysis of the data will be given in the companion paper ). This paper is composed as follows. Section 2 describes the selection of the targets for spectroscopy, and Section 3 describes spectroscopic observation. Section 4 explains the reduction of the data, and Section 5 presents the final data of radial velocities for globular clusters and other objects in the field of M60. Primary results are summarized in the final section.
SPECTROSCOPIC TARGET SELECTION
We selected globular cluster candidates using two sets of optical images of M60: (a) F555W (V ) and F814W (I) images of the inner region of M60 in the HST/WFPC2 archive (P.I.: J. R. Westphal, Program ID: 6286) that were also used in the photometric analysis by Neilsen (1999) ; Kundu & Whitmore (2001) ; Larsen et al. (2001) , and (b) Washington CT 1 images of a 16 ′ ×16 ′ field including the center of M60 obtained at the KPNO 4m telescope that were used in the photometric study of globular clusters in M60 by Lee et al. (2007) . Lee et al. (2007) derived, from the comparison of (C − T 1 ) colors and (V − I) colors for the objects with T 1 < 22 mag common between the KPNO images and HST WFPC2 images of M60, a linear relation for the color range of 0.9 < (C − T 1 ) < 2.4: (V − I) = 0.407(C − T 1 ) + 0.459 with rms=0.047 for 72 objects. We converted (V − I) colors of the objects detected in the HST/WFPC2 field into (C − T 1 ) colors using this transformation equation.
It is known that most bright globular clusters in gEs have colors 1.0 ≤ (C − T 1 ) < 2.4 (or 0.87 < (V − I) < 1.44, Lee et al. 2007) . We selected as the spectroscopic targets the bright globular cluster candidates with 1.0 ≤ (C − T 1 ) < 2.4 and 19 < T 1 < 22 mag. We included also several small galaxies, a few red objects ((C − T 1 ) > 2.4), and the nuclei of M60 and its companion spiral galaxy NGC 4647. The number of the targets in the final sample is 165.
OBSERVATION
We used the Multi Object Spectrograph (MOS) (Le Fevre et al. 1994) at the CFHT during two observing runs in February 2002 and May 2003 to obtain the spectra of the targets. Table 1 summarizes the information on our spectroscopic setup and Table 2 lists the log of our observations.
One mask for the MOS covers a field of 9 ′ .3 × 8 ′ .3. We observed six mask fields inside the 16 ′ × 16 ′ field, as marked in Figure 1 . Figure 1 displays the grayscale map of the T 1 image of M60 taken at the KPNO 4m (Lee et al. 2007) . We created first the model image of the galaxy halo light using the ellipse fitting task IRAF/ELLIPSE
1 . Then the model image of the halo light of M60 was subtracted from the original image to show better the globular cluster candidates in M60, as seen in Figure 1 .
We used a slit length of 10 ′′ to cover both the target and its sky background, and a slit width of 1.5 ′′ which is appropriate for the seeing condition. The seeing during the observation was about one arcsec. Slits in the mask were cut using the LAMA machine in the mountain, and the number of slits in one mask ranges from 21 to 34. We used the grism, B600, giving a dispersion of 1.44Å pixel −1 and a spectral resolution of about 3.5Å. The resulting spectral coverage is 3600 − 7000Å.
We obtained three 2400 s exposures for targets in all but one mask field (two exposures for M60 HW1 mask), with comparison spectra for Ne-Ar-Hg lamps taken before and/or after each exposure. For the calibration of the radial velocity, we obtained long slit spectra of three Galactic globular clusters (NGC 2419, NGC 6341, and NGC 6356) . Table 3 lists the metallicity and radial velocity for these clusters (Harris (1996) 
DATA REDUCTION

Spectroscopic Data Reduction
We have reduced the spectroscopic data using the IRAF software. After basic preprocessing of the raw spectral images, we removed the cosmic rays in each image using IRAF/COSMICRAYS task, and combined three exposure images of each mask. The spectra of the targets from the combined images were traced, extracted, and sky-subtracted using the IRAF/APALL task. We could not extract spectra of some faint targets because of low signal-to-noise ratio.
We identified about 30 emission lines in the comparison lamp spectra from 4000Å to 7000Å, and used them for the wavelength calibration. The typical rms error of the wavelength calibration is 0.1−0.3Å. 
Radial Velocity Determination
We determined the radial velocity for the targets using the Fourier cross-correlation task, IRAF/FXCOR (Tonry & Davis 1979) . We fitted the continuum of the spectra using the spline-fit with 2σ clipping for low level and 4σ clipping for high level, and subtracted the resulting fit from the original spectra. We used the resulting spectra to measure the radial velocity with FXCOR.
After several tests, we decided to use the wavelength range 3900 − 5500Å for crosscorrelation. We measured the radial velocity for the targets, using three templates of Galactic globular clusters (NGC 2419, NGC 6341 and NGC 6356), and took the error-weighted average of the three measurements to get the final value for each target. The error of the measured radial velocity is then < ǫ v >= (Σǫ
Among the spectra of 165 targets we could not determine the radial velocities for 54 objects because of poor quality of the spectra. The final number of targets for which we determined the radial velocity is 111: 93 globular clusters, 11 foreground stars, 6 small galaxies, and the nucleus of M60. with a mean of 54 ± 22 km s −1 . The mean errors increase with increasing T 1 magnitude (44 ± 18 km s −1 for the bright objects with T 1 < 20.7 mag and 61 ± 29 km s −1 for the faint objects with T 1 > 20.7 mag in the inner region), while they change little depending on the galactocentric distance (53 ± 26 km s −1 for 38 objects in the inner region (R < 200 ′′ ), and 57 ± 24 km s −1 for 55 objects in the outer region (R > 200 ′′ )). The mean error for the red objects, 46 ± 11 km s −1 , is slightly smaller than that for the blue objects, 58 ± 25 km s −1 .
Comparison with Previous Studies
There is only one previous spectroscopic study of the globular clusters in M60, given by Pierce et al. (2006) . Pierce et al. (2006) published a catalog of spectroscopic data including radial velocities for 38 globular clusters in M60 based on the spectra obtained using the Gemini/GMOS. There are nine objects in common between this study and Pierce et al. (2006) . We have compared our velocity measurements with their measurements for these common objects, as displayed in Figure 4 . It shows a good agreement between the two studies except one object (ID 230 in this study and 1574 in Pierce et al. 2006) . Our value for ID 230 object is v p = 1480 ± 22 km s −1 , which is about twice larger than the value given by Pierce et al. (2006) , v p = 703 ± 53 km s −1 . We checked the image of ID 230, finding no nearby neighbor within the radius of 5.8 arcsec from this object. Therefore there is no possibility of misidentification of this object. The cause for this large difference for ID 230 is not known. From the weighted linear fit discarding ID 230, we derive a transformation relation between the two measurements,
We have derived the radial velocity for the nucleus of M60 as v p = 1056 ± 64 km s −1 , which is consistent with that of v p = 1117 ± 6 km s −1 for M60 (González 1993) . The larger error in our estimate of the M60 systemic velocity is primarily due to the fact that we used, as templates, the spectra of GCs with small velocity dispersion to estimate the velocity of the nucleus of M60 that has much larger velocity dispersion.
RESULTS
We have produced a master catalog of radial velocities for the objects in M60, combining the catalog in this study with the catalog of 38 globular clusters in M60 given by Pierce et al. (2006) . The total number of the objects in the master catalog is 139, excluding the nucleus of M60. We transformed the radial velocities given by Pierce et al. (2006) to our system, using the transformation equation (1) for the following analysis.
Velocity Distribution and Membership
We have determined the membership of the objects in the master catalog using the distribution of radial velocity. In Figure 5 , we plotted (C − T 1 ) colors versus the radial velocities (the lower left panel), the radial velocity distribution (the upper panels), and the (C − T 1 ) color distribution (the lower right panel) for the 139 objects. We also plotted in the lower right panel, the color distribution of the photometric globular cluster candidates given in Lee et al. (2007) . Lee et al. (2007) found that the color distribution of the globular clusters is clearly bimodal through the KMM mixture modeling routine (Ashman et al. 1994) , and is well fit by two Gaussians with peaks at (C − T 1 ) = 1.37 (σ = 0.16) and 1.87 (σ = 0.23). The minimum between the two components is at (C − T 1 ) = 1.7, which was used for diving the entire sample into blue globular clusters and red globular clusters.
The radial velocity distribution of the 139 objects is approximately Gaussian centered around the radial velocity for the M60 nucleus, v p ≈ 1056 km s −1 , with a weak excess around the zero velocity. We selected, as genuine M60 globular clusters, those of which radial velocities are in the range of 500 ≤ v p ≤ 1600 km s −1 and (C − T 1 ) colors are in the range of 1.0 ≤ (C − T 1 ) < 2.4. The dashed-line box in Figure 5 represents the adopted selection criteria for (C − T 1 ) colors and radial velocities. The selection color range is equivalent to a metallicity range of −2. (2003), respectively. The total number of the genuine globular clusters of M60 in this catalog is 121. There are 83 blue globular clusters with 1.0 ≤ (C − T 1 ) < 1.7 and 38 red globular clusters with 1.7 ≤ (C − T 1 ) < 2.4.
There are six small galaxies in the list of our measurement of the radial velocity: IDs 176, 444, 9930, 9988, 99213 and 99214. They appear as small extended objects in the KPNO images. Two of these are previously known galaxies:ID 444 = VCC1963 and ID 99214 = VCC1982 (Binggeli et al. 1985) . ID 444 (VCC1963) is a low surface brightness galaxy with a bright nuclues. Only one (ID 99213) among these has a radial velocity larger than the upper boundary for the globular clusters in M60.
There are 12 objects with radial velocities smaller than the lower boundary for the globular clusters. We consider these objects as foreground stars. One object (ID 661 in this study, and ID 412 in Pierce et al. 2006 ) among these has a radial velocity, v p = 441 ± 50 km s −1 (originally v p = 483 ± 47 km s −1 in Pierce et al. 2006) , slightly smaller than the lower boundary for the globular clusters. This object may be a globular cluster of M60, but we put this into the class of foreground stars according to the boundaries for the globular clusters we adopted.
Among the 110 objects with radial velocities derived in this study, 93 targets are found to be genuine globular clusters in M60 and 10 targets turned out to be foreground stars. The remaining 7 targets that were included as non-globular clusters turned out to be one foreground star and six galaxies. Therefore the success rate of photometric searching for globular clusters, becomes about 90%, showing that the method to select the globular cluster candidates using the (C − T 1 ) color and the morphological classifier is very efficient (see Lee et al. (2007) for more details).
In Table 4 , we list the photometric and kinematic data set for all 139 spectroscopic targets with measured radial velocity. The first column represents identification numbers. The second and third columns give, respectively, the right ascension and the declination (J2000). The magnitude and color information in columns 4 and 5 are taken from Lee et al. (2007) . The sixth column gives the radial velocity and its error measured in this study. The seventh and eighth columns give the radial velocity and its error measured ( transformed into our velocity system) in Pierce et al. (2006) , and their IDs, respectively. The final column gives a merged, weighted mean velocity for all GCs. The genuine M60 globular clusters are listed first in the table, followed by foreground stars and small galaxies.
The Final Sample of Globular Clusters in M60
The positions of the genuine globular clusters are marked in Figure 1 . These clusters are located in the range of projected galactocentric distance 30 to 540 arcsec (corresponding to 2.52 to 45.36 kpc and 0.27 to 4.91 R/R ef f ). The velocity dispersion (the biweight scale of Beers et al. 1990a ) is estimated to be σ p = 239 Figure 6 displays the T 1 − (C − T 1 ) color magnitude diagram and color distribution of 121 genuine globular clusters in M60 globular clusters in comparison with other photometric candidates given in Lee et al. (2007) . The genuine globular clusters in the master catalog have magnitudes 19.7 < T 1 < 22.0, belonging to the brightest population in M60. The genuine globular clusters show a broad peak covering a range of 1.1 < (C − T 1 ) < 2.2, while the photometric globular cluster candidates show a clear bimodality with two peaks of blue and red globular clusters.
In Figure 7 we plot radial velocities versus T 1 magnitudes and (C − T 1 ) colors of the genuine globular clusters of M60. There is seen little systematic dependence of the radial velocity of the globular clusters either on magnitude or color. In Figure 8 we display radial velocities versus projected galactocentric radius R [arcsec] and position angle Θ [deg] (measured to the east from the north) of these clusters. It is seen that the velocity dispersion of the clusters changes little with the galactocentric radius. However, it appears that the velocity for the globular clusters may change sinusoidally depending on the position angle, indicating a hint for rotation of the globular cluster system of M60. A full dynamical analysis of the kinematics of the globular cluster system of M60 using these data will be given in the following paper ).
SUMMARY
We present the measurement of radial velocities for 111 objects in the field of M60, giant elliptical galaxy in the Virgo cluster, using the spectra obtained with the MOS at the CFHT. Primary results of this study are summarized below.
1. We have measured the radial velocities of 111 objects in the field of M60: 93 globular clusters (72 blue globular clusters with 1.0 ≤ (C − T 1 ) < 1.7 and 21 red globular clusters with 1.7 ≤ (C − T 1 ) < 2.4), 11 foreground stars, 6 small galaxies, and the nucleus of M60. 5. The velocity dispersion of the clusters changes little with the galactocentric radius.
However, it appears that the velocity for the globular clusters may change sinusoidally depending on the position angle, indicating a hint for rotation of the globular cluster system of M60. Peterson et al. 1990; Sneden et al. 1991; Armosky et al. 1994; Shetrone 1996) , NGC 2419 (Zinn 1985; Suntzeff et al. 1988) , and NGC 6356 (Zinn 1985; Armandroff & Zinn 1988; Minniti 1995b) b NGC 6341 (Webbink 1981; Beers et al. 1990b; Cohen & McCarthy 1997; Soderberg et al. 1999) , NGC 2419 (Webbink 1981; Peterson 1985; Peterson et al. 1986; Olszewski et al. 1993) , and NGC 6356 (Webbink 1981; Zinn & West 1984; Hesser et al. 1986; Armandroff & Zinn 1988; Minniti 1995a) Binggeli et al. (1985) b VCC 1982 in the Virgo Cluster catalog of Binggeli et al. (1985) Fig . 
